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Contribution from the Departments of Chemistry, University of
Washington, Seattle, Washington and the University of New
England, Armidale, N.S.W., Australia.

The Equilibrium Between Peroxydisulfuryl Difluoride
and Fluorosulfate Frze Radicals.

By Francis B. Dudley1 and George H. Cady.

1. Work done at the University of Washington while on sabbatieal
leave from the University of New England, Ammidale, N.S.W.,

Australia.

Peroxydisulfuryl difluoride and fluorosulfate free radicals
have been shown to exlst in equilibrium below 600°K°. 'The

2. In a prefluorinated nickel vessel that had been conditioned
with Sa0eF2 tu render 4t inert to Sa0eFz and dissoclation oxr

decomposition products.

temperature dependence of pressure at constant volume was used
to caleculate a series of Kb values between 450°K and 600°K. This
method indicated an enthalpy change of 22.1 kcal/mole whereas

a spectrophotometric method based on the temperature dependence
of the absorption of the fluorosulfate radical at 474 mp, gave
an enthalpy change of 23.5 keal/mole.




The iknown chemistry of peroxydisuvlfuryl difluoride provides
strong evidence for the equilibrium
S,06F + 280,F"
Rupture of the relatively weak 0«0 peroxy linkage in the otherwlse
strongly bonded parent material, results in two flucrosulfate
radlcals which add readilly to molecules with ethylenlc double honds
{e.g. perfluorcethylene and‘perfluorocyclopanteneB) and which will

replace even chlorine from a large number of halogen containing

3. Jean'ne M. Shreeve and George H. Cady, J.A.C.S., 83, 4521 (1961).

organle and inorganice moleculesB.

The oxidlzing capacity and structural stabllity of this

fluorosulfate radlcal is shown by the ability of peroxydisulfuryl

i

difluoride to oxldize substances such asg nitric oxide ', nitrogen

4., John E. Roberts and George H. C-dy, J.A.C.S., 82, 353 (1960).

6

dioxideq, 1odin95, bromines, sulfur dloxide” and sulfur tetraflucrideﬁ

5. John E. Roberts and George H. Cady, J.A.C.S. 82, 352 (1960).
6, John E. Roberts and George H. Cady, J.A.C.S. 82, 354 (1960).

to fluvorosulfate derlvatives. The preparation of peroxydisuifuryl
difluoride by ancdic oxidatien? of a zolution of an alkall metal

7. F. B. Dudley, J.C.S. (In press).

fluorosulfate in fluorcsulfuric acld, or from metallic fiuorosulfates7
by displacement reactions involving the use of zlementary fluorine,
axre both strongly suggestive of the intermediate formatlon of

fluorogulfate radicals.



mjﬂl
Of sinilar equilibrium systems, involving dimsvcelatlon of a
moleculsr specles into two free radlicals, that which bhas heen mest
extensively studied 1z the nltrogen tetroxide-nltrogen dioxide

8,9

equilibriunm ,» Whilst a recently lInvestigated one is that between

8. Bodenstein, Z. Physik, Chem. 100, 68, (1922).
9. F. Verhoek end F. Daniels, J.A.C.S., 53, 2250 (1931).

tetrafluorohydrazine and the difluorcamine radicallg.

10. P. A. Jobnson and €. B. Colburn, J.A.C.S5., 83, 3043 {(1961).

When gaseous samples of the dimeric parent material were
heated to about 100°, a yellow ccolor developed. Convineing evidence
that this was dug to o reversible dissociation iz provided by Fig. 1
which shows the bemperature dependence of the visidble and ultrs-
violet absorption spectmun in the 320-600 millimicron region, at a
constant concentratlion of the peroxy compound. The akscorbance
measurements in this wave-length range were reproducible with
ineressing and decreasing temperatures up to 120°. Above this
temperature, reaction apparently oecurred with the quartz cell , and
on cooling the cell, the measured abgorbance was always less than
that recorded at a corresponding btemperature during heating. As a
result, equilibriuvm constants for the reversible dissociatlon were
noet obtalned from spectrophotometric measurements by a procedure
1ike that used by Johnson and Colburnlo in their investigation of
the dissociation of tetrafiuorchydrazine. The £ine structure that
is evident between 474 and 500 mu is presumably due to electronic
transitions to different vibratlonal energy levels 1n the excited

electronic state.
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The concentration dependence of the absurbance at constant
temperature iz evident from the experimental data shown in Fig. 2,
hut is further emphasized by Fig. 3 which shows plots of absorbance
verpus the squars rcot of the conecentration of the peroxydisulivryl
difiuvoride at constant temperature.

The linear relatlonghip shown in Fig. 3 is to be expected for
any equilibrivm

R, < 2R’

42 Cp »» Cp,, where these symbols refer to the concentratlon of
e

the undisgocliated and disscelated species regpectively. In this
study Ra is SQQGFQ and R+ is considered to be S®3F* . Since

& = Gﬂpcl {where & iz absorbence, cﬁfia the concentration of the
absorbing species, ¢ i8 the molar absorbancy index in liters/mole-
em, and 1 is the path length in em), K, the equilibrium constant in

terms of concentration is glven by

2
(G o) L4 3~

32).

»

Ko = g

It followus that

242
an@ = 2 Ind -~ 1n 71 CRQ .

If the absorbancy index 1s temperature independent and any change
in C, is negligible by comparison with 032, 8 plot of log A versus
T“l should be g straight line, having s slope corresponding to the
change in internal energy for the reaction. The least squares
"negt £4t" of the experimental spectrophotometric absorbance data
to an equation of the form log & = B x 10°T"! 4+ C gave the results
ghoun in Table 1. for seven samples having diffevent concentrations.

in average for the internal energy change {as obtalined from the slopes



Table 1

Least Squares "Best £it" Equations
[log A =B 71 4 ¢

10° x C, B ¢
moles diter T

2.887 2,483 8. 1094
To 668 2,402 B. 451
12,63 2,458 8.440
17.42 2,535 8,459
22,17 2,435 8,431
27.39 2,401 8,408

49,30 2,457 8,681

AH

23.49
23,59
23,24
23,94
23,03
22, T
25.24



e
of these lines) is 22.7 keal/mole. This corresponds to an enthalp)
change of 23.3 ksal/mole at 298°K.

Equilibrlum constantas and a conflrmation of the spectrophotometric
enthalpy value were obtalinable from observations of the pressure
variatlon of $QG6F2 sonples wilth temperature. The radical is
ahable up to 600°K in a nickel vessel that hes been suitsbly cone
ditioned (see experimental section), and above 400°K dissociation
is sufficlient to cause measurable deviation frum the ideal gas laws.
Obviously, resulis obtained at higher bemperatures could be expected
to be most reliable as errors in observed depariures from ideal gas
behavior would then be less significant. This is emphasized in
Fg. 4, where ths log ﬁp vaiues farthest removed from the least
squares best it linear plot are those corresponding to the lower
temperatures,

In ealculating the extent of dissociation at any particular
temperature, 1t was necessery 0 know the pressure expected in the
event of no dissoclation occurring. This was calculated from the
observed initlal prespure assuming ideal gas behavior and after
making due corrvection for the volume expansion of the resction
vessel. |

The experimental data for © runs over an initial pressure
ranging from 42 S0 218 mm. at 330°K were combined and a lsast squares
hest £it" gave the equation |

log K = 7.981 = 4.785 x 107 7~
which yields a value of 22.0 keals mole™t for the enthalpy ehange.
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The linear dependence of absorbance on the smare rooft of the
concentratlion of the parent materlal only requires a reverslble
dissociation dnto two parts ot necessarily identical, Sinlilarly
the temperoture dependence of both abgorbance snd pressuse can be
explained on the basis ¢f non ddenticel dissociation products.

To the authors 1t seome almogt certaln that each of the btwo mole-
enies formed by the dlssoaistion of one molecule of peroxydisulfuryl
diflvoride iz a fluoropuliste free radical. The color, the speed
with which equilibrium i atbained and bthe formation of £lucrpde
sulfates by chemical vresctions of peroxydisulifueyl difluoride are
a1l properties 0 be expected from diseoclation into fluorosuliate
radicals. No other stolchicmebrically possible pair of molesulss
{Poy examyiﬁ_SQBFQ + 8033 which the suthors bave conplidered would

give the observed propertles of the sysgten.




Experimental

Speebrophotometric. ~- A Beckman Model D.U. quartz spectrophotometer
and 5 em guartz cylindrical cells were used abt a wavelength of

47h my for all absorbance measurements. Temperatures, constant to
within 0.1°, could be maintained by use of a specially constructed
wemperature regulated cell helder and furnace. Temperatures were
measured with a thermoeouple. A stopeock and 10/30 connectlon was
sealed to the quartz cell, which was evasuated and weighed, prior

to the introduction of & sultable quantity of Sgong undsy vaouum
transier conditions. The pearoxydlsulfuryl difluoride in the cell
was then condensed with liquid oxyzen and the inlet tube sealed,

The welght of sample present was then obtalned by difference.

After completion of each run, the Inlet tube was cut, the cell
washed out and the volume of the tube and cell obtained by £iliing
with water and weighing. This permitted a caloulation of the
concentration of 5.0-F, used. Kel~F fluorccarbon grease was used

on all stopcocks snd ground glass connections.

Erespure variation with temperature at constant volume . —— These

measurenents were carriew out in a 1500 ee. prefiuvorinatad nickel
reaction vessel, the surfsce of which was further conditvioned fivst
by exposure ab 250° to sulpbur trioxide vapor, and later to successive
batches of peroxydisulfuryl difluoride. Prolonged pumping after
each treatment ensured complete removal of any volatile materials.
This conditioning process was aimed at producing a surface that
wgould be inert to peroxydisulfuryl difluoride snd its dissociation
product,

Because the substances involved react wilh mercury, pressure
meapurements were made with a calibrated Booth~Lromer pressure

transmitter rather than directly with a mercury manometey. The




temperature of the reaction vessel was neasured at several points by
chromel-alumel thermogouples, and during use, was found to he the
game over the surface of the vessel within a range of 0.5°. ‘The
peroxydisulfuryl difluoride used 4in this work was prepared by the
method of Dudley and Cady'”, its purity being checked by I.R., spectra,

13. F. B. Dudley and G. H. Cady, J.A.C.S5., 79, 513 (1957).

and by determlinations of molecular welghts and oxidizing power.
Sultable quantities were introduced intc the reactlon vessel by
vaporlizing the material from the panmpie tube at room temperature.
The reaction vessel was cooled during this process, 1f pressures in
excess of 120 mm were required.

After introcduction of the peroxydisulfuryl difluoride, the
temperature of the resctlon vessel was graduslly ralsed to a maxlimim
of 6C0°K, and then allowed o cool to room temperature, pressures bee
ing recorded at regular temperature Intervals. The pressure-iemps-
erature graphs were, within the limits of experimental error,
1dentical with both incveasing and decreasing temperatures., Above
600°K, decomposition commenced. The pressure-temperature curves
for falling temperature were no longer the same as for rising
temperature andé the final product contained sulfuryl fluoride and
OXYZeil.

After each run not exceeding 600°K samples were found to be
quantitatively condensable, and to give the same I.R. spectrum as
the original meterial.
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